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High embolic rate early after carotid
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Purpose: The aim of this study was to evaluate the relationship between the rate of emboli (ER), as detected with
transcranial Doppler scan (TCD) monitoring during and shortly after carotid endarterectomy (CEA), and early
cerebrovascular complications (CVC).
Materials and methods: One-hunderd eighty-five consecutive patients underwent 203 CEAs with general anesthesia at the
Sint Lucas Andreas Hospital. Inclusion criteria included adequate TCD monitoring during the operation and for at least
10 minutes in the recovery room. Fifteen patients were excluded because of inadequate TCD monitoring. To prevent
statistical bias, only data from the first operation of those patients who underwent bilateral CEA were included. The study
group thus consisted of 170 patients (113 men, 57 women) with a mean age of 67 years (range, 45 to 83 years). The
monitored TCD signals were stored on tape for offline analysis. ERs during dissection, wound closure, and the
postoperative period shortly after arrival in the recovery room were studied. Preoperative and early postoperative
neurologic examination, including grading with the modified Rankin scale, was performed by the same board-certified
neurologist.
Results: A CVC occurred in 10 patients (5.9%). Five minor strokes (2.9%) and three major strokes (1.8%) occurred, one
with a fatal outcome (0.6%). Two patients (1.2%) had transient ischemic attacks. Median ERs for the three periods studied
were significantly different (postoperative period, 0.3/min; dissection, 0.03/min; wound closure: 0/min; Friedman, P <
.005). ERs were significantly higher in the CVC group but only during wound closure (P .0003) and the postoperative
period (P < .0001). Women had significantly more CVCs than men (14% versus 2.7%; P < .02) and, during the
postoperative period, had a significantly higher median ER (0.70/min) than men (0.25/min) (P < .002). High ERs
during dissection in two men were associated with CVC. An ER of 0.9/min or more during the postoperative period was
significantly correlated with CVC (P < .0001; odds ratio, 64.6; 95% CI, 3.7 to 1128).
Conclusion: Especially during the postoperative period, high ER is associated with early CVC. Women have a higher ER
than men in this period. If the ER is 0.9/min or more during the postoperative period, there appears to be at least a nearly
four-fold increased risk of CVC. (J Vasc Surg 2002;36:278-84.)
For carotid endarterectomy (CEA) in high-grade
symptomatic carotid artery stenosis to be beneficial, a low
grade of perioperative stroke is needed, as shown in the
North American Symptomatic Carotid Endarterectomy
Trial (1998) and the European Carotid Surgery Trial
(1998) studies.1,2 Embolism is considered the major cause
of such perioperative strokes.3,4 Several studies provided
evidence that high-intensity signals of short duration de-
tected with transcranial Doppler scan (TCD) are indicative
of emboli.5-10 Emboli occur more often in patients with
symptomatic internal carotid artery stenosis than in patients
with asymptomatic internal carotid artery stenosis9,11,12
and are reported to occur in 69% to 93% of patients during
CEA.5,10,13 Recently, Ackerstaff et al14 studied the occur-
rence of emboli in several distinct intraoperative stages and
found emboli during the dissection and the wound closure
stages to be relatedto outcome. A few studies found a
correlation beween high microembolic load in the early
postoperative period and postoperative ischemic defi-
cit.15,16 We report here the detection of emboli with TCD
during surgery and in the recovery room shortly after CEA.
The relationship between the number and timing of these
embolic signals and early cerebrovascular complications
(CVCs) was investigated.
SUBJECTS AND METHODS
Between February 1993 and February 2000, 185 pa-
tients (119 men, 66 women; mean age, 68  8 years; age
range, 45 to 82 years) underwent 203 consecutive CEAs at
the Sint Lucas Andreas Hospital. For each patient, only the
first operation was studied, to prevent statistical bias. Inclu-
sion criteria for this study included adequate TCD moni-
toring during the operation and postoperative TCD mon-
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itoring for at least 10 minutes in the recovery room. Fifteen
patients (8%) had to be excluded because of inadequate
intraoperative monitoring (n 5) or insufficient postoper-
ative monitoring time (n  10).
The study group thus consisted of 170 patients (113
men, 57 women; mean age, 67 years; range, 45 to 83
years). Ipsilateral 80% carotid stenosis, as assessed with
duplex scanning, was present in 159 patients; 11 patients
had a 60% to 80% stenosis. Ipsilateral symptomatic carotid
artery disease was present in 139 patients (amaurosis fugax,
n  17; transient ischemic attack, n  49; minor stroke,
n 68; and major stroke, n 5). Thirty-one patients were
asymptomatic, 13 of whom had had symptoms caused by
contralateral stenosis or occlusion. Contralateral occlusion
was present in 21 patients.
Neurologic examination, including classification ac-
cording to the modified Rankin scale,17 was performed by a
board-certified neurologist (DML) at 1 day before opera-
tion, in the recovery room, and at 2 days after surgery.
Perioperatively, all patients received anticoagulant therapy
(coumarin). The mean international normalized ratio just
for surgery was 1.9 (standard deviation, 0.7; median, 1.7).
Antiplatelet medication was discontinued at least 8 days
before surgery. Forty-three patients, who were enrolled in a
prospective, double-blind, randomized study, also received
a single dose of 125 mg of aspirin the day before the
operation. No patient had artificial cardiac valves. Eight
patients had atrium fibrillation.
Operation. All operations were performed with gen-
eral anesthesia with the use of nitrous oxide and isoflurane
(n  128) or sevoflurane (n  8) or nitrous oxide and
propofol (n  34). Before cross clamping, intravenous
heparin (5000 IU) was administered. Protamine was not
used. The arteriotomy was closed with a vein patch in all
but five patients.
Transcranial Doppler scan. During the operation,
TCD (TCD 2-64B, EME, Ueberlingen, Germany) moni-
toring was carried out with a 2-MHz pulsed wave trans-
ducer placed in a position-locking device over the temporal
bone, focused on the ipsilateral middle cerebral artery
(MCA) at a depth of 45 to 55 mm, and strapped to the head
with an elastic band. The TCD transducer remained in
position during the postoperative monitoring period.
The criterion for shunting was a decrease in the ipsilat-
eral MCA mean blood flow velocity after cross clamping to
30% or less of the preclamp MCA mean blood flow velocity.
TCD signals were stored on S-VHS tape for postoperative
analysis. Identification of embolic signals was made on the
basis of the typical chirping sound and the transient con-
comitant unidirectional high-intensity signals of short du-
ration in the Doppler scan velocity spectra.18 Interobserver
agreement on the detection of embolic signals was studied
with review of postoperative periods in 40 randomly chosen
operation tapes. Independently, two experienced observ-
ers, who were blinded for the previous measurements and
other clinical data, counted the number of emboli per
10-second epoch. The agreement was determined with 
statistics.
We studied three time periods for detection of embo-
lism-related TCD signs: during dissection (from skin inci-
sion to carotid cross clamping), during wound closure (3
minutes after clamp release until the end of the operation),
and during the postoperative period, shortly after arrival in
the recovery room. The number of emboli in each period
was counted for each individual patient and correlated with
early neurologic outcome as assessed in the recovery room.
Complications. We compared the results of the post-
operative neurologic examinations with preoperative data.
A CVC was defined as the occurrence of new signs or
protracted aggravation of a preexisting neurologic deficit. A
minor stroke was defined as a deterioration of the preoper-
ative modified Rankin scale score17 of 2 points or less, and
a major stroke as a deterioration of 3 points of more.
Statistics. Nonparametric statistical methods (Fried-
man test for matched groups, Wilcoxon signed rank test,
Mann-Whitney test, and Fisher exact test) were used to
make group comparisons. Friedman nonparametric re-
peated measures test was used to consider the variability of
emboli occurrence in the postoperative period. Logistic
regression was used to identify the relative value of each
period to predict the occurrence of a CVC. A significance
level of P less than .05 was used for each statistical analysis.
The statistical packages used were Instat 2.05 (Graphpad
Software Inc, San Diego, Calif) and SSPS for Windows
(release 8.0, SSPS Inc, Chicago, Ill).
RESULTS
Clinical data. After surgery, a CVC occurred in 10
patients (5.9%; Table I). In eight of these 10 patients, the
deficit was permanent (4.7%): five patients (2.9%) had a
minor stroke and three (1.8%) had a major stroke, one of
which was fatal. In all instances, the CVC occurred on the
side of the operation. In the CVC group, no patients had
contralateral occlusion or atrium fibrillation. The compli-
cation rate was the same for the patients who received a
single dose of aspirin before surgery as for those who did
not. Women had significantly more CVC than men (14%
versus 2.7%; P  .02).
Shunt use. A shunt was used during 34 operations
(20%). In none of the patients was shunt malfunction or an
otherwise prolonged hypotensive period leading to TCD
changes detected. CVC did not occur significantly more
often (three patients; 10%) in the patients given an endo-
vascular shunt.
Excluded group versus study group. The excluded
group had a higher mean age (73 years versus 67 years; P
.02) and had a higher proportion of women (60% versus
34%; P  .02). Both high age and female gender are
associated with difficulties in establishment of an acoustic
window needed for TCD monitoring. No statistical differ-
ence was seen in CVC, shunt use, or prevalence of con-
tralateral occlusion between the two groups.
Transcranial Doppler scan. Median monitoring
times during dissection, wound closure, and the postoper-
ative period were 28, 22, and 20 minutes, respectively. The
median interval between the restoration of flow in the
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internal carotid artery and postoperative TCD examination
was 53 minutes (75th percentile, 69minutes; 25th percen-
tile, 45 minutes; range, 20 to 247 minutes). Most patients
(89%) were monitored within 100 minutes after flow res-
toration.
The mean  for interobserver agreement on embolic
signal detection of 40 randomly chosen operation tapes was
0.97 (range, 0.89 to 1.00). No statistically significant dif-
ference was seen in the occurrence of emboli in the three
periods between included and excluded patients.
Monitoring time in minutes was not signicantly differ-
ent for the groups with and without CVC for all three
periods. Because of interindividual differences in monitor-
ing time, the number of emboli/minute (e/min) of each
individual patient was used for further analysis.
In the whole group (n  170), the median rate of
emboli (ER) was 0.03 e/min, 0 e/min, and 0.3 e/min
during dissection, wound closure, and the postoperative
period, respectively. Spearman rank correlation coefficients
were 0.31 for postoperative period/wound closure (P 
.001), 0.18 for dissection/wound closure (P  .022), and
0.14 for postoperative period/dissection (P  .073).
No statistical differences were seen in the median ERs
in the three periods between the patients who did (n 43)
or did not (n  127) receive aspirin before surgery, be-
tween emergent (operated within 7 days after symptoms)
and elective patients or between symptomatic and asymp-
tomatic patients (Mann-Whitney test). Women had a sig-
nificantly higher median ER (0.70 e/min) than men (0.25
e/min) during the postoperative period (Mann-Whitney
test, P  .002); in the other two periods, no significant
difference was seen between the sexes.
To evaluate whether or not emboli in the postoperative
monitoring period occurred at a constant rate, we re-
counted, in each of the 26 patients with more than 20
emboli during the 20 minutes of postoperative monitoring,
the number of emboli in each 5-minute period. Friedman
nonparametric repeated measures tests showed no signifi-
cant difference between these four consecutive periods
(Fr  1.427; P  .6993).
Emboli rate and cerebrovascular complication. We
investigated whether a relationship existed between ER and
CVC (Table II). The percentage of patients in whom
emboli were detected was significantly higher in the group
with CVC only during wound closure (P  .0001). The
median ER was significantly higher in the group with CVC
during wound closure (P  .0003) and especially during
the postoperative period (P  .0001; Table II). The ER
was compared for the groups with and without CVC dur-
ing the three periods. In both groups, the three periods
differed significantly in terms of ER (postoperative pe-
riod  dissection  wound closure; Friedman, P  .008).
In the CVC group, the ER was higher during the postop-
erative period than during wound closure (Wilcoxon, P 
.005) or during dissection (Wilcoxon, P  .022). No
difference was found in ER between the dissection and
wound closure phases of the operation. In the group with-
out CVC, all pairwise comparisons (ER postoperative pe-
riod  ER wound closure, ER postoperative period  ER
dissection, ER dissection  ER wound closure) were sig-
nificantly different (Wilcoxon, P  .002).
We also investigated whether prediction of the occur-
rence of CVC on the basis of the ER was possible. Logistic
regression analysis of the occurrence of a CVC with the ER,
Table I. CVC group characteristics
Patients,
gender age
(y), shunt
use PS TISO
Type and
timing of
CVC Rankin
ER in
DP
(e/min)
ER in
WP
(e/min)
ER in
PP
(e/min)
T
(min)
Postoperative
duplex/CT scan
1: F 68 Asymptomatic TIA* 1-1 0 0.09 1.7 87 Normal/ND
2: F 79,
shunt
Minor stroke 3 months TIA‡ 1-1 0.43 0.16 3.60 55 Normal/ND
3: F 73 TIA 2 months Minor stroke
(RIND)*
0-1 0 0.04 3.8 49 Normal/ND
4: M 74 Minor stroke 2 months Minor stroke
(RIND)§
1-1 1.67 0.11 1.5 45 Normal/ND
5: F 58,
shunt
Minor stroke 3 months Minor stroke
(RIND)*
2-2 0 0.13 7.5 60 Normal/ND
6: F 74 TIA 3 months Minor stroke* 0-2 0.47 0.33 2.85 45 Normal/ischemia
7: M 72 TIA 3 months Minor stroke§ 0-2 2.36 0.12 0.90 49 Normal/ischemia
8: F 66,
shunt
Minor stroke 2 weeks Major
stroke*†
1-5 0.26 0.37 4.6 60 Occlusion/ischemia
9: M 60 Minor stroke 3 months Major stroke* 1-5 0 0.25 1.2 146 Occlusion/ischemia
10: F 68 Minor stroke 3 weeks Major stroke‡ 2-5 0 0.07 1.2 55 ND/normal
*Postoperative.
†Died.
‡Uncertain.
§Intraoperative.
PS, Previous symptomatology; TISO, time interval symptoms-operation; Rankin, preoperative versus 2 days postoperative Rankin scale; DP, dissection period;
WP, wound-closure period; PP, postoperative period; T, time interval clamp release start postoperative monitoring; CT, computed tomographic; ND, not
done; TIA, transient ischemic attack; RIND, reversible ischemic neurologic deficit.
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with the three periods as predictors, was performed. The
results showed that the ER during the postoperative period
was the best predictive variable (B  .70; exp (B)  2.0;
P .001), followed by the ER during dissection (B 1.5;
exp (B)  4.5; P  .017), and the ER during wound
closure (B  2.4; exp (B)  .09; P  .42). The partial
correlation coefficients for the postoperative period and
dissection were 0.34 and 0.22, respectively.
We then tried to determine a cut-off value for the ER to
distinguish between patients at risk or not for a CVC. This
was studied for all periods. We chose values that gave
optimal sensitivity but moderate specificity, in view of the
therapeutic implications (antithrombotic treatment, dex-
tran administration). The cut-off value was generally cho-
sen just below the lowest ER among the patients with CVC;
however, because five patients with CVC had no emboli
during dissection, the cut-off value for this period was
chosen just below the range of ER of the patients with
CVC. Results of the Fisher exact tests for the occurrence of
CVC related to ER (e/min) with different cut-off points
during dissection (0.25 e/min), wound closure (0.04
e/min), and the postoperative period (0.9 e/min) are
presented in Table III.
Fifteen patients had more than 10 emboli in the dissec-
tion period without CVC, and four with CVC, of which
two were considered to have had an intraoperative stroke
(Table I). All these 19 patients underwent operation be-
cause of symptomatic carotid stenosis. Fisher exact test
results (10 emboli in dissection period versus10 emboli
in dissection period) showed a significant association in
respect to the occurrence of CVC in the group with more
than 10 emboli (P .0154; odds ratio, 6.4; 95% CI, 1.6 to
25.4).
Patients with cerebrovascular complication. In the
group with CVC, a clearly delayed onset of symptoms after
regaining of consciousness was seen in two patients (Table
I, patients 3 and 6). A typical case history (patient 3) is
given subsequently. In the other patients, the exact timing
of the onset of the symtoms was made difficult by the
aftermath of the anesthesia and monitoring was started
before detailed neurologic examination was possible.
Patients 4 and 7 (Table I) had their highest ER in the
dissection period, and patient 4 had electroencephalo-
graphic abnormalities develop that persisted after emboli.
Both patients awoke with severe neurologic abnormalities
that improved significantly in the following days. These two
patients were considered to have had intraoperative strokes.
Patients 1, 2, 5, 8, 9, and 10 (Table I) had no persisting
electroencephalographic abnormalities during the opera-
tion and had their highest ER in the postoperative period.
Table II. Emboli monitoring characteristics
Patients without CVC
(n  160)
Patients with CVC
(n  10) P value
Number of patients with emboli in:
DP 85 (53%) 5 (50%) NS*
WP 62 (39%) 10 (100%) .0001*
PP 122 (76%) 10 (100%) NS*
Median ER (e/min) (25th, 75th percentiles,
maximum) in:
DP 0.03 (0, 0.11, 2.62) 0 (0, 0.45, 2.36) NS†
WP 0 (0, 0.08, 0.93) 0.13 (0.09, 0.23, 0.37) .0003†
PP 0.25 (0.05, 0.81, 10.7) 2.28 (1.28, 3.75, 7.5) .0001†
Median monitoring time in minutes (range) in:
DP 27 (12-177) 30 (24-47) NS†
WP 22 (10-81) 25 (16-45) NS†
PP 20 (10-25) 18 (10-25) NS†
*Fisher exact test.
†Mann-Whitney test.
NS, Not significant; DP, dissection period; WP, wound closure period; PP, postoperative period.
Table III. ER cutoff points related to CVC
Studied
periods
Cutoff point of ER
(e/min) CVC CVC– P value* Odds ratio* (95% CI)
Sensitivity, specificity,
positive predictive value
DP 0.25 e/min 5 24 .02 5.7 (1.5-21.1) 50%, 85%, 17%
0-0.25 e/min 5 136
WP 0.04 e/min 10 55 .0001 39.9 (2.3-694) 100%, 65%, 15%
0-0.04 e/min 0 105
PP 0.9 e/min 10 39 .0001 64.6 (3.7-1128) 100%, 75%, 20%
0-0.9 e/min 0 121
*Fisher exact test.
DP, Dissection period; WP, wound closure period; PP, postoperative period.
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In patients 1, 5, 8, and 9, symmetrical limb movements
were noted immediately after anesthesia. In patients 8 and
9 (both with major strokes at day 2), the neurologic deficit
worsened after the initial neurologic examination in the
recovery room. These patients were considered to have had
a clear postoperative onset of their symptoms. Patients 2
and 10 had a more prolonged anesthetic effect, making timing
of the onset of the neurologic abnormalities impossible.
In patients 2, 3, 5, 6, and 10 (Table I), repeated TCD
monitoring showed a gradual decrease of ER in 2 to 4
hours after antithrombotic treatment (aspirin, heparin).
Results of duplex scan and computed tomographic scan are
shown in Table I. Two other patients had delayed CVC.
One female patient had disabling stroke after patch rupture
on day 3, and one male patient was readmitted because of
hemianopia on day 12. Duplex scan results of the carotid
arteries in the latter were normal, and this patient was
believed to have had a stroke in the vertebrobasilar terri-
tory.
Patient 3 (Table I) was a 73-year-old woman who
underwent operation because of transient ischemic attacks
in the left carotid artery territory. Preoperative examination
showed no neurologic abnormalities. After restoration of
the carotid artery circulation, one embolic signal was no-
ticed. After the operation, the patient regained conscious-
ness without neurologic deficit on neurologic examination.
In the recovery room, 49 minutes after restoration of the
carotid circulation, 77 embolic signals were counted in 20
minutes. Thereafter, in 40 minutes, paresis of the right arm
gradually developed, evolving to grade 1 (according to the
grading of the Medical Research Council19 [MRC]) and
grade 3 (MRC) paresis of the right leg. Heparin 25000 IU
was given intravenously, as was aspirin 500 mg per rectum.
After 10 minutes, the paresis diminished. In the following 2
hours, 10-minute emboli counting during the TCD mon-
itoring was performed several times, registering many em-
boli. After 2 hours, TCD monitoring showed two embolic
signals in 10 minutes. By that time, the patient had slight
paresis of the right arm (grade 4, MRC), which disap-
peared in the following days. Duplex scan results showed
no restenosis.
DISCUSSION
In CEA, signs of emboli during dissection, wound
closure, and early postoperative periods have been reported
to be associated with CVC.3,4,13-16 New, mostly clinically
silent lesions detected with magnetic resonance imaging are
reported to correlate significantly with 10 or more emboli
during dissection.10 Ackerstaff et al14 reported that emboli
occurring during dissection, and especially during wound
closure, were associated with intraoperative stroke. They
did not study the impact of postoperative emboli with
respect to outcome. Emboli occurring during clamp release
and during shunting were not significantly related to ad-
verse outcome.14 This is in agreement with other stud-
ies.4,13 Therefore, we did not analyze these latter periods.
Levi et al16 reported a higher incidence rate of cerebral
ischemic events in patients with a postoperative ER of more
than 50 e/hour (0.83 e/min). In the study of Cantelmo et
al,4 new, clinically silent magnetic resonance imaging isch-
emic changes ipsilateral to the operation side were associ-
ated with postoperative emboli occurring at a rate of more
than five per 15 minutes (0.33 e/min).
On the basis of these data, we decided to study the
occurrence of emboli during dissection, wound closure,
and the postoperative period. Lennard et al20 reported that
embolization occurred primarily within 2 hours of surgery.
ER was significantly higher in the CVC group than in
the group without CVC during wound closure and the
postoperative period but not during dissection (Table II),
suggesting that the groups start to differ after flow is
restored in the internal carotid artery. The ER was signifi-
cantly higher during the postoperative period than during
the other two periods.
Our data show that emboli not only occur more fre-
quently during the postoperative period but also that they
have a strong association with outcome. With a cut-off
point of 0.9 e/min, an odds ratio of 64.7 (95% CI, 3.7 to
1128; Table III) was found, with a positive predictive value
of 20%. This suggests that patients with an ER of 0.9 or
more during the postoperative period have at least a nearly
four-fold increased risk of CVC, being the lower limit of the
95% CI. In the other periods, these factors were consider-
ably lower (dissection: odds ratio, 5.7; 95% CI, 1.5 to 21.1;
wound closure: odds ratio, 12; 95% CI, 2.4 to 58.9; Table
III). However, logistic regression analysis results showed
that a given ER during the dissection period was associated
with a nearly two times higher risk of CVC than the same
ER during the postoperative period. The results of the
logistic regression analysis showed that the ER during the
postoperative period was the best predictor of CVC. This
underlines the importance of monitoring during the post-
operative period.
The arterial injury resulting from CEA leads to early
platelet deposition at the operation site.21 In our patient
group, all patients had anticoagulant treatment and 25%
had been given aspirin the day before the operation. The
incidence rate of emboli was 77%, comparable with the
incidence rate (69%) in the series of Levi et al16 and Naylor
et al,22 in which all patients received aspirin perioperatively.
In the study of Cantelmo et al,4 only 20% of the patients
had embolic signals in the postoperative period.This may
be because patients were given dextran before the clamp
was released and for the subsequent 24 hours.4 Naylor et
al22 used selective dextran therapy in patients with high
postoperative ER (2.5 e/min; n  19) or with emboli
accompanied by flow distortion (n 3) and rapported low
embolic stroke rate (0.8%).22 They showed that median ER
started to reduce after dextran, reaching statistical signifi-
cance after 2 hours. These data suggest that this treatment
might be beneficial. We found a similar decrease of ER after
aspirin and heparin. Further studies in this respect are
advisable.
The postoperative monitoring time in our study (me-
dian, 20 minutes) was rather short compared with the
repeated 30-minute monitoring sessions in the study of
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Levi et al16 and the continuous 3 hours postoperative TCD
monitoring of Naylor et al.22 Nevertheless, we believe that
this way of limited monitoring had a sufficiently alarming
function because none of our patients had CVC develop in
the recovery room unnoticed.
In this study, an unexplained higher ER (median, 0.30
e/min) was seen during the postoperative period than in
the study of Levi et al16 (median, 0.07 e/min). Repeated
measures test (Friedman) showed no difference in ER
between the four consecutive 5-minute periods in the 26
patients with more than 20 emboli in 20 minutes, suggest-
ing a constant ER during the postoperative monitoring
period. Therefore, and because all patients had a somewhat
different time interval of the beginning of postoperative
monitoring after flow restoration (median, 53 minutes),
this suggests that, within these time limits, the ER during
the employed postoperative monitoring time was represen-
tative for this period.
The prognostic significance of embolic signals was un-
clear in several studies,5,8 although Siebler et al8 found a
higher ER in patients with symptomatic carotid artery
stenosis than in those with asymptomatic carotid artery
stenosis. We found in the group with more than 10 emboli
during the dissection period a significant association with
CVC. This is in agreement with the findings of Gaunt et
al.13 They found that more than 10 emboli during the
dissection period of CEA correlated significantly with de-
terioration of performance on psychometric test.13 We
found that two (male) patients with probable intraoperative
onset of CVC had their highest ER during dissection
(Table I, patients 4 and 7), most likely because of a fragile
atheromateous lesion at the operation site.
Falk et al23 showed that labelled platelet accumulation
in endarterectomized dogs peaked between 7 and 88 min-
utes after declamping. Ackerstaff et al14 suggested that
emboli occurring at the end of the operation are a precursor
of embolism originating from platelet aggregation and
thrombus formation at the operation site in the postoper-
ative period. If the whole study group was considered, only
a weak, although significant, association between ER dur-
ing wound closure and the postoperative period was seen
(Spearman, r  0.31; P  .001).
The complication rate in our study was rather high
(5.9%) compared with that of other studies. However,
Rothwell, Slattery, and Warlow24 showed that assessment
of neurologic abnormalities after CEA by a neurologist
resulted in an on-average three times higher stroke and
death risk than when such abnormalities were assessed by
surgical staff, suggesting that a number of complications
are not noticed by the latter. The relatively high complica-
tion rate in our study can be attributed partly to the early
neurologic examination because the two transient compli-
cations would not have been noticed if the neurologic
examination had been postponed until the end of the day of
operation, which would then have resulted in a complica-
tion rate of 4.7% (1.8% major stroke).
Rothwell, Slattery, and Warlow25 reported female gen-
der to be an independent risk factor of stroke and death
from CEA, but apart from suggesting a technically more
difficult operation because of the smaller carotid artery in
women than in men, the reason why was unclear. We
found, in agreement with the findings of Levi et al,16 female
gender to be significantly associated with a high number of
postoperative emboli. Such association could not be found
in the subgroups of the emergent versus elective and the
symptomatic versus asymptomatic patients. In agreement
with the association between a high ER during the postop-
erative period and the occurrence of CVC, a preponderance
of women was found in the group with CVC. Ackerstaff et
al14 reported a high odds ratio in women in their United
States subgroup but did not find a significant association of
CVC with female gender in the combined groups.
In conclusion, the results suggest that the occurrence
of frequent embolism during the dissection phase of CEA
and a high ER in the postclamping period, are strongly
associated with early postoperative CVC, especially during
the postoperative period. The poorly understood operative
risk of the female gender can possibly be explained by high
number of postoperative emboli seen in women. This needs
further investigation. If during the postoperative period
emboli occur at a rate of 0.9 or more per minute, there
appears to be at least anearly four-fold increased risk of early
CVC. Early postoperative neurologic examination, prefer-
ably performed by the same neurologist who performed the
preoperative examination, seems to identify more patients
at risk. Therefore, we suggest that in addition to early
neurologic examination, postoperative TCD monitoring
for at least 20 minutes, starting 40 minutes to 1 hour after
clamp release, should be an integral part of CEA monitor-
ing. In this context, the effect of postoperative administra-
tion of dextran4,22 should be considered.
We thank Marijtje A. J. van Duijn of the Department of
Statistics and Measurement Theory of the University of
Groningen, The Netherlands, for her statistical expertise.
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